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Asia is one of the world's most flood-prone regions by many 
metrics: high flood magnitudes, frequency, severity; the 
number countries affected, the area of inundation; the 
number of people at risk; and importantly, flood-related 
fatalities (AIR, 2014; Luo, Maddoks, Iceland, Ward, & 
Winsemius, 2015; Table 1). With respect to mortality, nearly 
all the countries with more than 5,000 flood-related deaths 
since 1985 are from Asia (11 of 13; Table 1; Figure 1). As we 
write this commentary, flooding associated with tropical 
storm Nangka has caused more than 40 deaths in Laos, 
Cambodia, and Vietnam (Floodlist, 2020).  
 
Elevated mortality in Asia results, in part, from the extreme 
nature of the storms that trigger floods in most locations. 
The bulk of the staggering death toll in some countries 
occurred during a single catastrophic event: for example, 
Bangladesh, Myanmar, and Thailand (Table 1). High 
mortality is also related to the substantial exposure of 
people living near rivers and the coasts (Bangalore et al., 
2019; Chen et al., 2020). The World Resources Institute (Luo 
et al., 2015) lists India, Bangladesh, China, Vietnam, 
Pakistan, and Indonesia as the top six countries with the 
greatest number of people exposed to river floods in the 
world (635,000–4,835,000). Urban exposure in SE Asia 
stems from the historical affinity and necessity to build close 
to the water, then rapidly urbanize around these areas in 
recent times (Hill, Chean, & Hicks, 2017; Ng, Wood, & 
Ziegler, 2015). Jakarta and Bangkok are two examples of 
low-elevation coastal cities suffering from flooding due to 
uncontrolled urban development on deltaic floodplains of 
large rivers. The Indonesian government's proposed 
migration of its administrative functions from Jakarta to 
Borneo, in response to recurrent flooding, land subsidence, 
and crowding, will cost approximately USD31.5 billion 
(Figure 2a; Indonesia announces site of capital city to 
replace sinking Jakarta). Recent political discourse hints that 
Bangkok may address its flooding issues by following 
Jakarta's lead of moving elsewhere. One response to reduce 
flood risk and its impacts has been the heavy investment in 
flood defence infrastructure (dams, levees, barrages, canal 
systems). However, this approach has resulted in limited 
success. Classic examples include recurrent flooding on the 
modified Chao Phraya River in Thailand and the tributaries 
of the Ganga river system draining from Nepal to India 
(Singh, 2015; Ziegler, Lim, Tantasarin, Jachowski, & Wasson, 
2012). Jakarta still floods despite the vast number of policies 
and projects aimed at flood mitigation (van Voorst, 2016). 
Even the huge investments in Singapore and Hong Kong 
have not cured all flooding, though mortality is practically 
nonexistent because floods tend to be localized and small 
(Chan et al., 2018). For very large floods, engineering alone 
has rarely been an effective approach to eliminating 
impacts and risk. These are contemporary problems that 
are common in other large coastal Asian cities, including 
Hong Kong and Ho Chi Minh City, and that require attention 
given that urban development will certainly continue. We 
explore the idea that flood-related mortality from river 
overbank flows in the SE Asian region could be reduced by 
incorporating evidence from the past to foster a better 
understanding of the realm of plausible flood regimes, and 
hopefully guide improved flood hazard management 




1.1 Estimating flood magnitude and frequency 
 
Flood frequency analysis (FFA) is an empirical technique to 
predict the probability of river flows based on a probability 
density function fit to a dataset of flood magnitudes. The 
degree of fit is evidence of model veracity, despite a lack of 
knowledge of causal meteorological phenomena and their 
interactions with hydrological processes that 
control flood size and frequency (Hubert, Tchiguirinskaia, Schertzer,
Bendjoudi, & Lovejoy, 2007; Wasson, 2016). A complicating issue is
that the clustering of flood events negates the statistical stationarity
assumptions behind traditional FFA (Milly et al., 2008). Hydrologists
are currently examining the effects of non-stationarity on flood mag-
nitude estimates (e.g., Machado et al., 2015; Šraj, Viglione, Parajka, &
Blöschl, 2016) and finding new ways of dealing with it in FFA, for
example by using mixed distributions (e.g., Li et al., 2018). Further,
FFA is fundamentally hindered because it is often based on short
hydrological records that cannot take into account the full range of
floods that are plausible on a river system as evidenced by the past
(Parkes & Demeritt, 2016). Most gauging stations in developing coun-
tries have records between atmost 30 and 90 years in length,
resulting in very uncertain flow magnitude estimates for large floods
(Lim & Boochabun, 2012; Loebis, 2002).
In SE Asia, river floods are triggered by anomalous extreme mon-
soon rainfall patterns as well as intense tropical storms that originate
from the South China Sea and the Indian Ocean (Lim &
TABLE 1 Countries worldwide with more than 5000 flood-related deaths (1985-2020); number of people exposed to flooding; and
exposure rank




(millions) j World rank in () Note regarding deaths
Thailand SE Asia 163,893 75 0.25 (12) 160,000 during 2004 tsunami
Bangladesh South Asia 150,871 96 3.48 (2) 138,000 during 1991 cyclone
Myanmar SE Asia 100,382 27 0.39 (8) 100,000 during 2008 tropical storm Nargis
India South Asia 53,680 269 4.84 (1) Multiple storms and cyclones
China East Asia 32,219 361 3.28 (3) Heavy rains
Venezuela South America 20,336 27 0.02 (67) 20 006 during a 1996 storm
Philippines SE Asia 19,974 193 0.18 (16) Tropical cyclones dominate
Honduras Central America 11,411 19 0.01 (84) 11,000 during 1996 storm
Japan East Asia 11,099 71 0.09 (31) 10,000 during 2011 tsunami
Pakistan South Asia 10,823 74 0.71 (5) Heavy monsoon rains
Vietnam SE Asia 5,870 119 0.93 (4) Multiple storms and cyclones
Indonesia SE Asia 5,233 215 0.64 (6) 1,173 during tsunamis in 2011 and 2018
Afghanistan South Asia 5,032 79 0.33 (9) 3,000 during 1992 storm
Note: Mortality and flood number data (until 19 October 2020) are from the Dartmouth Flood Observatory (https://floodobservatory.colorado.edu/).
Exposure data are from the World Resource Institute Aqueduct project (https://www.wri.org/blog/2015/03/world-s-15-countries-most-people-exposed-
river-floods). Deaths for Cambodia and Laos (both not listed), Thailand, and Vietnam are some what uncertain as a flood affecting more than one country is
assigned to one primary country in the database; the same is true for Myanmar and India.
F IGURE 1 Country-wide comparison of flood exposure in SE Asia. (a) Deaths from floods excluding tsunamis (data from the Dartmouth
Flood Observatory, 2020); (b) number of people ‘affected’ by floods yearly (data from the WRI Aqueduct project, 2015)
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Boochabun, 2012). Nearly 25% of the floods occurring in SE Asia
between 1985 and 2018 were associated with tropical storms; these
types of floods tend to have higher mortality than those generated by
other mechanisms (Chen et al., 2020; Table 1). The largest contempo-
rary flooding mortality in the region was an estimated 100,000 deaths
in Myanmar when tropical storm Nargis made landfall in 2008. For
comparison, casualties totalling 160,000 in Thailand in 2004 resulted
from storm surges during the Great Indian Ocean tsunami (Table 1).
We view tsunami-induced floods as exceptional types of deadly mari-
time events that are not the focus of our argument.
The phases of ENSO, the Indian Ocean Dipole (IOD), and the
Pacific Decadal Oscillation (PDO) all influence the strength and occur-
rence of the monsoons and tropical storms in SE Asia. In a recent anal-
ysis, the reconstruction of 800 years of streamflow in several rivers
by Nguyen, Turner, Buckley, and Galelli (2020) was useful in showing
that streamflow in Monsoon Asia is spatially coherent, with
concurrent high/low flow episodes in adjacent basins because ENSO,
IOD, PDO, and tropical Atlantic sea-surface temperatures are com-
mon drivers. Collectively, the effect of these phenomena, often in tan-
dem, vary in location, magnitude and timing, such that extremes are
not likely captured in short flow records. The importance of accurate
flood prediction is made clear by simulations indicating that large
floods of 100-year return periods could increase in probability from
1% to 2–20% throughout the SE Asia region in the future
(Hirabayashi, Mahendran, Koirala, et al., 2013). While informative for
planning, the analysis has inherent uncertainty because the magni-
tudes of most floods of 1% probability were determined from short
data records.
To extend the hydrological record for FFA, non-traditional
sources of information such as palaeohydrological and historical
records are increasingly used in other parts of the world, including
Europe and the United States, through programmes such as
F IGURE 2 (a) Flooding on the Ciliwung River in Jakarta; (b) Palaeoflood slackwater couplets on the Zanskar River, Ladakh, between 13 and
9 ka BP (Sharma et al., unpublished); (c) contemporary photo of the historical Khmer capital Ang Kor, which is believed to have fallen, in part,
because of inability of the water infrastructure to cope with water-related hazards including floods and droughts (Buckley, Fletcher, Wang,
Zottoli, & Pottier, 2014; Day et al., 2012; Penny et al., 2018); (d) ruins of the former Lanna capital city Wiang Kum Kam, in northern Thailand. The
city was eventually abandoned completely sometime between 1,477 CE and 1,512 CE following a catastrophic flood that caused the Ping River
to change its course (Ng et al., 2015). Photo credits: (a) # 168352391 Runvillage j Dreamstime.com. All other photos belong to one of the authors
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FLOODRISK and SPHERE (Brázdil et al., 2006; Kjeldsen et al., 2014).
Studies have often determined that at least some of the palaeofloods
in the study areas had higher flood magnitudes than those in the mod-
ern gauged record. Further, the inclusion of these data improved flood
estimates, reduced uncertainty, and allowed for better estimates of
flood risk (e.g., Lam, Thompson, Croke, Sharma, & Macklin, 2017;
St. George & Muldelsee, 2018). For example, after extending gauged
flow records for the River Ouse (UK) with information from historical
maps and epigraphic markings, MacDonald and Black (2010) showed
that five of the 11 new flood events were larger than the most
extreme event in the modern gauged record. Similarly, Zawada,
Hattingh, and Van Bladeren (1996) used palaeoflood deposits to show
that the largest gauged flood on the Orange River in South Africa had
been exceeded by floods in the past 5,500 years by as much as 2.7
fold. To our knowledge, these types of approaches have rarely been
applied in Southeast Asia, despite knowledge of large past floods.
1.2 | Palaeo-historical information
Palaeohydrological information refers to physical evidence left in the
landscape by floods (Figure 2b), including sedimentary archives in
lakes/reservoirs, floodplains, and slackwater deposits in stable river
sections that provide information on flow velocities/energy of past
flood events (Patton, 2013; St. George, Hefner, & Avila, 2020). This
information is used in hydraulic models to estimate the extent of flood
inundation. Other useful indicators include tree rings, lichens and
speleothems, which when dated allows the reconstruction of past
wetness regimes and provides clues about the frequency and magni-
tude of ancient floods (Benito & Díez-Herrero, 2015). Historical docu-
ments include newspapers, field reports, correspondence,
photographs, oral histories and ancient texts that supply information
including the magnitude and timing of flood events, damages, aid pro-
vided, as well as the physical and socio-economic context (Brázdil
et al., 2006). Together, a variety of palaeo-historical records can
extend the hydrological flood record, allowing comparison between
the largest gauged floods and those from the past.
The wealth of historical documents and ancient chronicles from
the SE Asian region have been useful for revealing the dates of some
past floods. For example, historical documents indicate severe, pre-
record floods occurred twice in Malaysia (1847 and 1926) and in Sin-
gapore in 1846, 1855, 1881, 1884, 1892, 1899, and 1925
(Williamson, 2016). In Thailand, the Prime Minister's office record col-
lection at the National Archives preserves documents relating to some
of the city's worst floods of the twentieth century, including in 1917,
1933, 1939, and 1942 (Vinasandhi, unpublished). Some of the oldest
SE Asian examples are the passages in the Chiang Mai Chronicle and
the Lanna Chronicle describing recurrent floods in the ancient capital
Wiang Kum Kam, ca. AD 1283/84 (Ng et al., 2015). Other historical
texts include the Cambodian Royal Chronicles, Đ :ai Việt sử ký toàn thư
(The Dai Viet History Full Book), Đ :ai Nam Thực Lục (Chronicle of
Greater Vietnam), and the Kengtung Yazawin (Padaeng Chronicle and
the Jengtung State Chronicle).
The palaeo-historical record in SE Asia has shown that the suc-
cess and failure of some ancient civilisations have been tied to
regional wetness regimes (Lieberman & Buckley, 2012). In the case
of Ang Kor in Cambodia (Figure 2c), failure to maintain and manage
an ageing water management infrastructure, affected by floods and
droughts, was a major factor in the demise of the great Khmer civili-
sation (Buckley et al., 2014; Day et al., 2012; Penny et al., 2018).
Elsewhere, sedimentary records, combined with archaeology and his-
torical documents, show that an avulsion of the Ping River during an
extreme flood influenced the abandonment of Wiang Kum Kam
between 1477 and 1512 AD, even though the city was likely well-
equipped to cope with floods via architectural and societal adapta-
tions (Ng et al., 2015; Figure 2d). Investigations show that other Thai
rivers (Mekong, Mun, and Yom) have avulsed or migrated laterally
during extreme flood events in response energy regimes that have
not occurred for floods in the contemporary record (Bishop &
Godley, 1994; Kidson, Richards, & Carling, 2006; Wood, Ziegler, &
Bundarnsin, 2008; Yang, Grote, & Zhang, 2019). Flood deposits
on a tributary of the Ping indicated a flow volume greatly exceeding
any discharge value measured on the main channel (Kidson et al.
(2006). This historical information foreshadows that future migra-
tions/avulsions would likely be catastrophic because of recent
floodplain development and flow pathway modification that influ-
ences the extent and time floodwaters impact an area (Wood &
Ziegler, 2008).
Palaeo-studies have provided information that increases our
understanding of the drivers of past SE Asian floods, including ENSO,
IOD, and PDO (D'Arrigo et al., 2011; Ummenhofer, D'Arrigo,
Anchukaitis, Brendan, & Cook, 2013). For example, Nguyen and Gal-
elli (2018) reconstructed annual streamflow for the Ping River using
the Monsoon Asia Drought Atlas gridded PDSI dataset to identify sev-
eral prolonged historical ‘pluvials’ and droughts in Thailand. Xu
et al. (2019) used a 202-year tree ring record to determine that ENSO
and the PDO interacted to create periods when extreme events,
including floods, occurred on the Chao Phraya River in Thailand. Sedi-
ment deposits from a small lake in East Java (Indonesia) revealed a
linkage between ENSO and 50 major flood events in the past
1,000 years (Rodysill et al. (2019). The results of these reconstructions
portend a potential increase in flood events in the future, depending
on how these large-scale climate phenomena are affected by climate
change (Cai, Sullivan, & Cowan, 2009; Perry, Mcgregor, Gupta, &
England, 2017; Zhang & Delworth, 2016). Further, the streamflow
reconstructions provide an extended flow dataset ranging from
247 to 800 years in length to test and improve FFA methods
(D'Arrigo et al., 2011; Nguyen et al., 2020; Nguyen & Galelli, 2018).
Finally, New research on the Ping River in northern Thailand, how-
ever, has revealed that a flood in 1,831 CE enlarged the channel with
a bankfull discharge (not including overflows) of 11,000 m3/s, a rate
that is larger than the maximum flow ever gauged in Chiang Mai by
more than an order of magnitude (Wasson, unpublished). We argue
that more palaeo-historical data of this nature should be incorporated
into FFA to reduce loss of lives and the economic burden of flooding
in the region.
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1.3 | The dam problem
One contemporary concern relates to how over-reliance on flood
defence infrastructure may amplify flood magnitudes (Lebel
et al., 2012). In the United States, for example, flood defence struc-
tures on the Lower Mississippi River increased the 100-year flood by
20% over the pre-1800 period when human impacts on the landscape
were small (Munoz et al., 2018). In SE Asia, dam building on many riv-
ers has reduced the risk of floods, yet dams potentially create a false
sense of security that catastrophic flood risk is eliminated
(Lempérière, 2017; Newell & Wasson, 2002; Ziegler, Lim, Jachowski, &
Wasson, 2012; Ziegler, Lim, Tantasarin, et al., 2012). The case of the
dam and reservoir built in Mozambique on the Cahora Bossa, the third
largest river system in Africa, provides some insight on the dangers of
making this type of assumption (Isaacman, 2005). The somewhat pre-
dictable large floods that occurred prior to the construction of the
dam were eventually replaced by disastrous floods triggered when
water was released during large floods to prevent the dam from over-
topping. In Asia, the 2005 floods in Chiang Mai were exacerbated by
the inability to release enough water from upstream reservoirs prior
to extreme rainfall events associated with Typhoon Damrey that
tracked over the continent (Wood & Ziegler, 2008).
The most deadly recorded flood in Laos resulted from a dam fail-
ure in 2018, killing more than 70 (International Rivers, 2019). A largely
unknown disaster – the third most deadly flood in history – occurred
in 1975 when the Banqiao Dam in Henan China failed, killing 85,000
people during the initial breach; ultimately as many as 230,000 per-
ished through flooding, famine and disease (Xu, Zhang, & Jia, 2008).
The flood trigger was the blocking of typhoon Nina by a cold front, an
extreme phenomenon that produced a year's total of rainfall in 24 hr
(Higginbottom, 2019). A similar consequence nearly came to fruition
in 2020 when Three Gorges Dam reservoir was on the verge of
breaching (Figure 3). Critical in the discussion of the role of dams in
mitigating/exacerbating floods is that the design storage limits of res-
ervoirs/dams likely prevent them from being able to hold the waters
of enormous floods resulting from extreme, widespread rainfall
(Lempérière, 2017). Dams and reservoirs must therefore be designed
to withstand extreme flows from upstream flooding: palaeo-historical
flood information of past flood discharges is useful in this process,
again by augmenting short gauged flow records.
Although, some of these examples are from outside the region,
they are relevant to our message given the momentum to increase
hydropower generation by building dams on large SE Asian rivers
including the Mekong, Salween, and Ayerawaddi (Hecht, Lacombe,
Arias, Dang, & Piman, 2018; Middleton, Scott, & Lamb, 2019; Taft
Linda, 2016). Despite the alteration of natural flows, we argue that
new knowledge of past floods on dammed rivers is still important for
understanding the magnitude of plausible catastrophic floods.
F IGURE 3 The Three Gorges Dam Reservoir approached maximum storage in August 2020 after receiving near-continuous inflow of
75,000 m3/s for about 1/3 a day (CGTN, 2020). The high flows were the result of flooding in the upper reaches of the Yangtze River. The
widespread flooding was described as the worst in about 40 years. Extreme discharges on the Yangtze at Yichang of 71,000 m3/s were
recorded in 1896 and 1981. Part of the motivation to build this dam was the flood of 1954 where 33,000 people died, many perishing from
disease. Photo: 10724842 Kun Yang j Dreamstime.com
ZIEGLER ET AL. 5 of 8
Improved estimates of flood magnitudes will aid flood mitigation and
adaptation work, including the design of safe dams and the accurate
delineation of flood risk areas. The result should be fewer lives lost
and lower financial burden.
2 | CONCLUSION
We believe that Southeast Asia should look more to the past in an
effort to prevent unnecessary casualties during future floods. We
argue for the incorporation of palaeoflood information, palaeoclimate
reconstructions, and historical information with modern gauged data
to improve FFA to guide flood risk reduction policy and actions. The
inclusion of palaeo-historical information allows for more robust esti-
mates of flood magnitudes with lower uncertainties to use in a multi-
tude of applications including the design of flood defence
infrastructure, urban planning design and governance for flood-risk
reduction. This comprehensive approach will increase the region's
resilience to changing flood risks related to uncontrolled urbanization,
the unpredictability of tropical storms, and the influence of climate
change. Looking to the distant past allows for better flood forecasting
when extreme rainfall can be tied to the somewhat predictable phases
of large-scale climate phenomena.
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